In addition, increasing diversity, especially in urban settings, has made the delivery of maternity care more challenging. In the province of British Columbia, 16% of the population speaks neither official language at home. 13 This proportion is as high as 32% in Vancouver, the province's largest city and the setting of our study. There is evidence that immigrant women are at increased risk of receiving obstetric interventions and less likely to breastfeed.
In response to these issues, the South Community Birth Program was established to provide comprehensive, collaborative maternity care from family physicians, midwives, community health nurses and doulas to a multiethnic, lowincome population. The program aims to promote physiologic birth while encouraging wo men and their families to assume an active role in their maternity care. In the current study, we evaluated the impact of the program on perinatal outcomes.
Methods
We conducted a retrospective cohort study to compare perinatal outcomes between healthy women attending the South Community Birth Program and a matched group of women receiving standard care in community-based practices. Women in both groups delivered their babies at the BC Women's Hospital and Health Centre. We report on all births among women in the study from Apr. 1, 2004 (when the first birth in the program occurred), to Oct. 31, 2010.
Setting
South Vancouver is an ethnically diverse area with about 122 000 people that encompasses the neighbourhoods of Oakridge, Marpole, Killarney and Sunset. It has an immigrant population of 45%, with 18% of immigrant families having arrived within the last 5 years. 13 Recent immigrants can experience difficulties in understanding their rights to maternity services, management of appointments and expectations of care providers. 16 Before the establishment of the program, there were no midwives or obstetricians and few family physicians providing maternity care in South Vancouver. After 2 or 3 one-on-one visits with a midwife or physician, during which a physical examination, ordering of laboratory tests, medical history-taking and genetic counselling have been completed as needed, women and their partners are invited to join group prenatal care, based on the CenteringPregnancy model. 17, 18 Women may also opt to continue receiving care in a traditional one-on-one format, and about 20% of nulliparous women so choose. Groups are composed of 10-12 women and their partners who have an expected due date within 2 to 4 weeks. Each of the 10 group sessions has a curriculum ranging from exercise and nutrition to labour and birth preparation and care of the newborn. The groups are facilitated by a family physician or a midwife, together with one of the program's nurses. Women who have complications of pregnancy also receive one-on-one visits be tween group sessions and are referred to an obstetrician as needed.
South Community Birth Program
Doulas working in the program have completed a 2-day certificate course in labour support. 19 The program currently has 42 doulas who in total speak 25 languages in addition to English. Doulas meet the patients once before labour and then provide one-on-one continuous support during latent and active phases of labour.
The program has 6 full-time positions filled by midwives and physicians who share primary care. The midwife or physician on call admits the patient in labour and remains in hospital throughout the labour. Although their scope of practice is similar, midwives are required to consult an obstetrician for vacuum extraction and have more limited prescribing rights.
Women are generally discharged from hospital within 24-48 hours after delivery. Postpartum home visits are provided by a midwife or physician the next day, with additional home visits as needed. Postpartum and breastfeeding support is provided in the clinic by a clinical nurse specialist with a master's degree in nursing who is also a certified lactation consultant. At 6 weeks postpartum, women and their newborns are discharged to the care of their family physicians or referred to one as needed. A weekly drop-in clinic is available for up to 6 months postpartum.
The team meets each month to review patient care. The reviews are supported by the use of electronic medical records, which allow instant access to patient information.
Standard care
Outcomes of women in the South Community Birth Program were compared with those of women of similar risk status who received standard care in community-based family physician, obstetrician and midwife practices. Women in the comparison group were drawn from the hospital's database. They were matched to women in the program by place of residence (first 3 digits of the postal code), age (within 1 year), parity (nulliparous or multiparous) and gestational age (within 1 week). The first 3 digits of the postal code correspond to a geographic region in which there are between 5000 and 13 000 households.
Eligibility
Health records of all women enrolled in the South Community Birth Program were included in the study. Records were selected for the women in the control group if they met the following inclusion criteria for the program: they had a single fetus, were 14 years of age or older and did not have a pre-existing renal, cardiac or autoimmune disease or a body mass index greater than 40 at presentation for prenatal care. All of the women provided written informed consent for their hospital charts to be reviewed.
Outcome measures
Socio demographic, pregnancy and outcome data were obtained from the hospital's database. Validation studies have recorded accuracy rates of 97% over all data fields in this database. 20 The proportion of data that are missing is less than 0.01%. 20 The primary outcome measure was the proportion of wo men who underwent cesarean delivery. Secondary outcome measures included obstetric interventions and maternal outcomes (method of fetal assessment during labour, use of analgesia during labour, augmentation or induction of labour, length of labour, perineal trauma, blood transfusion and length of stay) and neonatal outcomes (stillbirth, death before discharge, Apgar score less than 7, preterm delivery, small or large for gestational age, length of hospital stay, readmission, admission to neonatal intensive care unit for more than 24 hours and method of feeding at discharge).
Statistical analysis
At the start of the study, the overall proportion of women who underwent cesarean delivery was 27% at the BC Women's Hospital and Health Centre. With 1238 women in each group, we had 88% power to detect a relative decrease of 20% in the proportion, to 21.6%, with a type I error, one-sided, set at 0.05.
Baseline characteristics of the two cohorts were compared in a univariable analysis. We report relative risks (RRs) and 95% confidence intervals (CIs) to quantify the association between the maternity care model and interventions during labour, and maternal and newborn outcomes. Adjustment for diabetes or previous cesarean delivery altered estimates of risk (odds ratios [ORs]) by less than 10% and did not alter any study conclusions. Therefore, we present unadjusted RRs, which do not overestimate risk when outcomes of interest are not rare, as do ORs. 21 We compared outcomes based on continuous variables using general linear regression. Analyses were undertaken using SPSS software, version 16.
Results
The two groups of women were similar with respect to age and parity (Table 1) , which was expected because they were matched on these variables. The groups did not differ with respect to use of alcohol or other substances. Diabetes was significantly more prevalent among women in the comparison group than among those in the Table 2 ). Women in the birth program were not at increased risk for assisted vaginal delivery (RR 0.99, 95% CI 0.88-1.09). Among women whose primary caregiver was an obstetrician, those in the program were significantly more likely than those receiving standard care to have a cesarean delivery. Among women whose primary caregiver was a midwife or a family physician, cesarean delivery was less likely among those in the program than among those in the comparison group; however, the differences were not statistically significant. Among women who had a previous cesarean delivery, more of those in the program than in the comparison group planned a vaginal birth in the current pregnancy (RR 3.22, 95% CI 2.25-4.62). The proportion of women whose attempt ed vaginal birth was successful did not differ between the groups (RR 1.00, 95% CI 0.74-1.36).
Research
Compared with women receiving standard care, women in the birth program were more likely to have their baby monitored during labour with intermittent auscultation as opposed to electronic fetal monitoring (RR 1.41, 95% CI 1.31-1.53) and to use nitrous oxide and oxygen alone for analgesia (RR 1.12, 95% CI 1.02-1.23), and less likely to use epidural analgesia (RR 0.75, 95% CI 0.69-0.81) ( Table 3 ). They were also less likely to have labour induced (RR 0.83, 95% CI 0.74-0.93). Indications for inductions did not differ between the groups (data not shown).
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CMAJ, November 20, 2012, 184(17) 72.7 h, p < 0.001) and newborns (mean 47.5 v. 70.6 h, p < 0.001) ( Table 4) . Newborns of women in the birth program were at marginally increased risk of being large for gestational age (RR 1.13, 95% CI 1.01-1.63) ( Table 4) . Although more newborns in the program group than in the comparison group were re admitted within 28 days after birth, the majorResearch CMAJ, November 20, 2012, 184 (17) 1889 
Interpretation
In our study, women who received collaborative, multidisciplinary, community-based care in the South Community Birth Program were less likely to have a cesarean delivery, had shorter hospital stays on average and were more likely to breastfeed exclusively than wo men who re ceived standard care. Although our study design did not permit us to discern which components of the birth program were responsible for the observed differences, clinicians working in the program believe that their close working relationship, including their ability to discuss patient care facilitated by immediate and remote access to electronic medical records, fosters an environment in which they can continually support and learn from each other. Consistency in care is achieved through these discussions at monthly meetings and team retreats, as well as through adherence to local and national practice guidelines. Self-selection to work in the program by providers who are particularly committed to physiologic birth may also be a factor. As well, the CenteringPregnancy model of prenatal care has been shown to improve women's knowledge about pregnancy. 17 The frequency of cesarean delivery among wo men whose primary caregiver was a midwife or a family physician did not differ significantly between the groups. In the control group, 1.4 times as many women had an obstetrician as had a family physician as their primary care provider, and 4.4 times as many had an obstetrician as had a midwife. Because cesarean deliv-
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CMAJ, November 20, 2012, 184(17) ery was performed more frequently among women whose primary care involved an obstetrician than among those seen by a midwife or a family physician (1.6 times more frequently compared with either a midwife or family physician in the control group, and 3.3 and 3.1 times more frequently, respectively, in the program group), the difference in the overall frequency of cesarean delivery between the two groups may have been related to primary care by an obstetrician being more prevalent in the control group. We observed more newborns who were large for gestational age in the program group than in the comparison group. Screening for gestational diabetes was conducted in both groups following national guidelines from the Society of Obstetricians and Gynecologists of Canada. 22 However, because data were not available on the uptake of screening, we could not assess the possibility that differences in uptake betweeen groups may have contributed to the differences in birth weight.
Although findings of re duced obstetric interventions have been reported among midwife practices compared with physician-led maternity care units, we were not able to find reports of shared caseloads among midwives and physicians. Studies have reported reduced rates of cesarean delivery associated with collaborative care models; however, they were conducted in clinics in which midwives and obstetricians worked together but had their own distinct caseloads 23 or in which nurses and allied health professionals supported physician-led care.
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Limitations
Our study is limited by its nonrandomized design. We believe that much of the population from which we drew our participants would not have agreed to randomization and that a subgroup of women who may have agreed to randomization would not have been a representative sample. However, self-referral to the South Community Birth Program may have introduced selection bias. Future studies may be able to use a randomized design if selection bias can be minimized.
Information about race and ethnicity is currently not available in the hospital's database. Outcomes from an earlier analysis (unpublished) in which we compared data for the first 500 participants in the birth program with a comparison group for which we did have ethnicity data were not confounded because the distribution of racial and ethnic groups was similar between groups. This initial cohort was part of our current sample.
The presence of a doula was not recorded in our data. However, North American trials have not shown benefit of support in labour in reducing the frequency of cesarean delivery. 25 Finally, our study offered maternity care in an area previously underserved by providers. It is unclear whether our results are generalizable to areas that are well supplied with maternity care providers. Our program has recently been replicated in Surrey, a suburban area in British Columbia, and further evaluations will determine the relevance of our findings to other settings.
Conclusion
Women attending a collaborative program of maternity care, in which family physicians and midwives shared a patient caseload and worked closely with nurses and doulas, were less likely to have a cesarean delivery, had shorter hospital stays on average and were more likely to breastfeed exclusively than wo men who received standard care. These findings have important implications given the decreasing numbers of maternity care providers in Canada. Our findings should encourage the implementation and evaluation of this interdisciplinary approach in other settings.
